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ABSTRACT
Vehicularemissionsincloseproximitytoschoolscanhavedetrimentalhealth
effectsonchildren.TheSafeRoutestoSchoolprogramclaimstoimproveairquality
throughimplementationduetoreducedvolumeoftrafficgeneratedtoschools.Whilea
reducedvolumeoftrafficmayreducetheamountofemittedpollutants,theprogramlacks
theabilitytoquantitativelytrackthisairqualityimprovement.A schoolparticipatingin
theSafeRoutestoSchoolprogramwasselectedbasedoffofhealthrisksassociatedwith
ahighvehicularvolumeandtheproximityofthatraffictotheschool.A surveywas
utilizedtogenerateavehicleinventoryoffacultyandparentdriversofthisschool.The
inventorywasappliedtoEPA equationstodemonstratetheamountofemissions
generatedonadaily,weekly,monthlyandschoolyearbasis.Theequationwas
successfulin generatingquantitativedatathatdemonstratethetotalemissionsgenerated
bytheschool.Thisequationcanestablishpreemissionlevelsversuspostemissions
levels.Thiscomparisondemonstratestheeffectheprogramhasonreducingemission
levelsoftrafficgeneratedtotheschool.Onceappliedonalargerscale,trendsand
applicabilityoftheprogramindifferentregions,demographicareasandcommunityt pes
(rural,suburbanandurban)canbeidentified.Thisidentificationwill enableSafeRoutes
toSchooluserstoinvestin individualinitiativesthathavebeensuccessfulin similar
areas.
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CHAPTER 1
Introduction
SafeRoutestoSchoolGoalsandChallenges
SafeRoutesto SchoolProgramis a Federalprogramto improvethehealthof childrenby
enablingwalkingandbicyclingtoschool.Theprogramis fundedunderSafe,Accountable,Flexible,
Efficient,TransportationEquityAct a LegacyforUsersAct (SAFETY-LV), andwasawarded$612
milliondollarsfrom2005-20091.StateshaveindividualSafeRoutestoSchoolcoordinatorswhohelp
administerandassistwiththeseprojects.Mostprojectscanreceiveadditionalfundsfromthestateand
localsources.
SafeRoutestoSchoolhasthreemajorgoalswhicharetodecreaseobesityofthestudent
population,increasesafetyforchildrentowalkingorbikingtoschoolandlastlytoimprovetheair
qualityforchildrenandteachersattendingschools.Themainroutetoachievingthesegoalsisto,most
oftenthroughtheconstructionof sidewalks,therebyenablingchildrentowalkorbiketoschool.For
thefirstgoalofdecreasingstudentobesity,thelogicisunimpeachable,buttherearenostudiestodate
thatactuallyprovetheconnectionbetweenthisspecificprogramandchildhoodobesity.Theirsecond
goalistoincreasethesafetyoftheroadwaysthatchildren'sandparentsusetoaccesstheschools.As
will bedescribedinthenextsection,therearestudiesthatdemonstratetherelationshipbetween
prescribedtrafficimprovements(usuallysidewalks)andactualincreasedsafety.Theirlastclaimisan
improvementinairquality,whichis inferredbyanincreaseinmorechildrenwalkingorbikingto
school.Thereareveryfewresourcesortoolsdevelopedtounderstandtheactualimprovementsinair
qualityfortheschool.Thisresearchseekspecificallytocontributetoknowledgeabouthisthirdgoal,
improvedairquality.
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CHAPTER 2
Literature Review
SchoolsandEmissions
Suburbanformhaspromotedchildren's'dependencyonparentsbeingthesoleprovidersof
transportationtovariousactivities.Thesuburbsaresprawlingwhichincreasestheamountofdistance
manyindividualsarerequiredtotraveleachday. In classicconstructionof suburbansprawl,usesof
landarecarefullysegregated.Zoningregulationshavecreatednew communitieswherefamilies
movingin haveonly onemodechoice--theautomobile--toreachthe"bigbox"stores,parks,and
schools2.Theresultisthat"sprawlconsistsofthemilesofpavementthatarenecessarytoconnectthe
fourdisassociated(residential,officeandbusinessparks,shoppingcenters,civic)components.Since
eachpieceof suburbiaservesonlyonetypeof activity,andsincedailylifeinvolvesawidevarietyof
activities,theresidentsof suburbiaspendanunprecedentedamountof timeandmoneymovingfrom
oneplacetothenext?" Theoutcomeof thesetypesof zoningpracticesalongwithlifestylechoicesis
thatAmericansarenow driving88percentfartherthantheydid in 1969to go shoppingandan
overwhelming137percentfarthertoaccomplishfamilyandpersonalerrands4.
SafeRoutesto Schoolsclaimsthat20to30percentof morningtrafficis causedby parents
drivingtheirchildrentoschools.Withineachcommunity,schoolsaretypicallyoneof thehighestrip
generators.Tripgenerationis amodelthatquantifiestheamountof trafficthatwouldeachuseorzone
ofthetownwouldattract.
Parentsdo not feelsafeallowingtheirchildrento bikeor walk to schooldueto lackof
sidewalksandsafecrossingopportunities.Federalfundingin saferoutestoschoolrequiresthat70-90
percentfundsbespentontheinfrastructure(sidewalks,bikelanes,trails,wellmarkedintersections,
trafficcalming)within two milesof the school6.This two mile requirementfor infrastructure
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investmentonlyenhancestheareain directproximityto theschoolwhichcreatesa smallercritical
massof kids andparentswalkingandbiking."Certaindevelopmentpatterns,suchas a lack of
sidewalks,longdistancestoschools,andtheneedtocrossbusystreets,discouragewalkingandbiking
toschool.Eliminatingsuchbarrierscanincreaseratesof activecommuting?,whereactivecommuting
isdefinedasnon-motorizedmodes(walking,biking).
Beyondtheimmediatehealthbenefitsof exercise,reductionsin automobiletravelto schools
haveanairqualitybenefithatalsopositivelyimpactshealth.Theschoolcreatesanucleusof travel,
andthemanyvehiclescommutingtotheschoolemitspollutantsintothelocalenvironment,whichcan
affectchildren'shealth.Providinganenvironmentwithreducedemissionsaroundschoolzonesis
importantforproperchildren's'healthdevelopment.Lungdevelopmentof childrencanbedamaged
whenthe individualis subjectedto exposureof higherlevel of air pollutionand emissions.
Furthermore,childrenarenaturallyata higherriskof receivingnegativeffectsfromairpollution,
largelyduetotheirnaturallackof lungdevelopmentandlackof naturaldefensesfromtheseinhaled
pollutants8.Childrenalsohaveahighermetabolicrate.Thisincreasedrateresultsinmorebreathsper
minutewhich meansan increasedairwayexposureto the surroundingelementsin the local
environment9.If schoolsare locatednearmajorroadwaysor are exposedto pollutants,the
schoolchildrenwill breatheinthoseairbornechemicalsatahigherateof speed.
Researchonthecorrelationbetweenchildren's'healthandproximitytoroadsbeganinthelater
halfof the1990's1011.Thisresearchspecificallyconnectedrespiratoryhealthissues,suchasasthma
withmajorroadways.Furtheresearchasshownthatchildrenwholivein areaswithhighertraffic
volumeshavebeenfoundto be moresusceptiblein havingbronchitissymptomsandphysician
diagnosedasthma12."Alternatively,repeatedailyexposuresfor6-8 hoursduringtheschoolyear
maythemselvesrepresentbiologicallyimportantinfluenceson somechildren'srespiratoryhealth,
analogoustooccupationalexposuresforsusceptibleadults13."Repeatedailyexposureatschoolscan
bedangerousfor healthdevelopmentof a child,limitingtheirexposureto emissionsis important.
3
Whilecompleteffectsandmeasurementsofemissionsandchildren's'healtharestillbeingdeveloped,
thereis strongdatathatindicatesanegativerelationshipbetweenchildren's'healthandtheirproximity
tohighvolumeroadsl41516.
Schoolproximitytomajorflowsof trafficis adecisivevariablein reducingexposuretothese
harmfulair bornepollutants.Exhaustis mostconcentratedneartheroadwayitself;thepollutant
decreasesxponentiallyasthedistancefromtheroadwaygrows17.Studieshavefoundthat150meters
is thedistancefromthepointof theexhaustemissiontopersonsatwhichhealtheffectsappeartobe
minimal18.Manyschoolsdonotachievethisdistance,however.In astudyanalyzingtheexposureof
publicschoolstomajorroadways,researchersfoundthatinthenineMetropolitanStatisticalArea10%
of schoolswerelocatedwithin100m,and30%within400m19.Theimportanceof correctingthisfor
newschoolsitingsthishasbeenrecognizedin policy. TheEPA SchoolSitingGuidelinesrecognizes
thisdistance150m,andwherepossiblerecommendsafurtherdistanceasabestmanagementpractice.
Emissionsreductionmaybeapassiveapproachtoincreasingthehealthof children,butis animportant
partofhelpingchildrentoattainoptimalhealthpotential.
A QuickReviewoftheScienceofEmissions
Emissionsfromautomobilesoccurin thetropospherewhichis thelowestatmosphericregion,
theonethatpossessescities,towns,roads,andmosthumanactivities2o.Thetroposphereextendsfrom
theearthup8to14.5km(dependentonseason),tothetropopause.Almostallweatheroccursin this
partof theatmosphere2l.VOC's,C02 andNOx,areall emittedfromvehicleswhichleadtocomplex
interactionsbetweenthesechemicalcompoundsoftenresultingin thecreationof ozone.Ozoneis
createdatthegroundlevelbya reactionbetweenNOx andVOC's in thepresenceof sunlight.The
harmof thischemicalreactiondependsonits locationwithintheatmosphere22."Ozoneis knownto
haveadverseonhealth,vegetationandmaterials23."Ozoneis naturallyoccurringtheupperlevelsof
theatmospherewhichcreatesearth'satmosphere;howeverhumanactivityof industryandtransportin
thetroposphereproducesozonepollutioncommonlyseenassmog.Thechemistryoftheatmosphereis
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pollutioncommonlyseenassmog.Thechemistryof theatmosphereis veryfragile,manypollutants
thatarecreatedbyhumanactivityhavedetrimentaleffectsontheatmosphericprocessesandreactions.
Thecreationof ozoneandothergaseshavebeenfoundtocontributetoacidrain,ozonedepletion,and
globalwarming.
"Thetroposphereiswell-mixedanditscompositionis 78%N2,21%02, 1%Ar, 0.036%C02,
varyingamountsof watervapordependingon altitudeandtemperature,andminuteamountsof a
numberof tracegases23".Introductionof C02, NOx, andVOC's directlyimpactthischemical
compositionof thetroposphere,whichis subjectedto verticalmixing."Verticalmixingoftentakes
placeinthelowerstratosphericlayers.Coldairdisplaceswarmair.As thecoldairhasahigherdensity
andis heavier(accordingtothegeneralgaslaw),thewarmairis pushedupsteeplyandlargeportions
of thetropospherein theNorth-Atlantic,andeventhelowerstratosphere,aremixed24."Thisvertical
mixingallowspollutantstobeintroducedintotheatmosphere.However"...a temperatureinversion
actsto limit theverticalmixingof pollutants,whichallowsconcentrationsto build25." This
temperatureinversionoccurswhena pocketof warmair is layeredabovea pocketof cool air.
Nocturnalinversionsarethemostcommon,wheretheairnearthegroundstayscoolertheairin the
uppertroposphere.Thistrapsemissionscloserto theground,buttheemissionsaretypicallymixed
verticallyoncetheultravioletrayshavebeenintroduceduringthemorningperiod26.
Threepollutantsmostcommonlyrelatedto automobilepollutantsare VolatileorganIc
Compounds(VOC's),NitrogenOxides(NOx),CarbonMonoxide(CO) andCarbonDioxide(C02).
Thesepollutantsareproduceduringthecombustionprocessof automobiles.Theemittedpollutants
aredepositedintothelocalenvironment,whichinturnaffecthehealthofthechildrenandpeople.
VOC's areproducedby a varietyof paintsandlacquers,paintstrippers,cleaningsupplies,
pesticides,buildingmaterialsandfurnishings,officeequipmentsuchascopiersandprinters,correction
fluids andcarbon-lesscopypaper,graphicsandcraftmaterialsincludinggluesandadhesives,
permanentmarkers,andphotographicsolutions27."VOC's aremostprevalentindoors,theEPA has
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conductedmanystudieswhichdemonstratethatthepresenceof VOC's is muchhigherindoorwhich
hasleadtohealthcomplicationsforthosewhowereexposedtothepollutant.Theyarealsocreated
throughthecombustionprocessof thecarandemittedthroughthetailpipe.Respiratoryailments,
allergicreactionsanddecreasedimmunityhavebeenassociatedwithchildrenwhohavebeenexposed
to VOC'S28.
Thecarbonmonoxidemissionsprocessresultsin harmfulhealtheffects. Carbonmonoxide
elevatestheconcentrationof Methane(CH4) in theatmospheredueto chemicalreactionswith
hydroxylandOH whichwouldotherwisenaturallycombathemethane29."Wheninhaled,carbon
monoxidereactsveryrapidlywithhemoglobin theblood,preventinguptakeandtransportofoxygen.
Becausecarbonmonoxidereadilyandfirmlyattachesto hemoglobin,it staysin thebloodfor a
relativelylongtime.Thus,duringanexposurecarbonmonoxideconcentrationsi bloodcanrisein a
matterofminutes,thenstayhighforhours3o."Carboxyhemoglobin(carbonmonoxideandhemoglobin
afterchemicalreaction)reducestheamountofoxygenthatisprovidedtotheorganswithinthebody3).
"Throughnaturalprocessesintheatmosphere,it iseventuallyoxidizedtoC0232."
The transportationsectoris the secondlargestsourceof C02 emissionsin the U.S....
Automobilesandlight-dutytrucksaccountforalmostwo-thirdsof emissionsfromthetransportation
sectorandemissionshavesteadilygrownsince199033.Carbondioxidehasverysimilarhealtheffects
ascarbonmonoxidewhichmainlyattackstherespiratorysystem.However,it alsohassomeother
effectsuchasheadache,dizziness,nauseandothersymptoms34.
NOx representssevencompounds,theEPA onlyregulatesnitrogendioxide." (Nitrogen
dioxide)is themostprevalentformof NOX in theatmospherethatis generatedby anthropogenic
activities35.Themainanthropogenica tivitiesproducingN20 intheUnitedStatesareagriculturalsoil
management,fuelcombustioni motorvehicles,nitricacidproduction,stationaryfuelcombustion,
manuremanagement,andadipicacidproduction36."Nitricoxidereactswithoxygenin theair to
producenitrogendioxide(N02).Furtheroxidationduringthedaycausesthenitrogendioxidetoform
6
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N02) are indirectand resultfrom their role in promotingthe formationof ozonein the
troposphere39."Nitrogendioxidehasmultiplehealthimpactsif subjectedto longtermexposure:
emphysema,damagetorespiratorytract,lossof abilitytoproducepathogensandweakenedimmune
system40.
MethodsforMeasuringEmissionFactors
An emissionfactorisarepresentativealuethatrelatesthequantityofapollutantreleasedto
theatmospherewithanactivityassociatedwiththereleaseofthatpollutant41.Therearetwomain
methodsforestimatingemissionfactors.1)Theycanbegeneratedfromavehicleemissionsmodel
suchastheEPAMOBILE 6.2orMOVES models.2)EmissionFactorscanalsobederivedfromspeed
EmissionfactorscanbegeneratedfromavehicleemissionmodelsuchasMOBILE6,MOVES and
EMFAC42.Mobile6wastheEPA'smodelusedtotestforairqualityconformityinState
ImplementationPlans."MOBILE6isacomputerprogramthatestimateshydrocarbon(HC),carbon
monoxide(CO),oxidesofnitrogen(NOx),exhaustparticulatematter(whichconsistsofseveral
components),tirewearparticulatematter,brakewearparticulatematter,sulfurdioxide(S02),
ammonia(NH3),sixhazardousairpollutant(HAP),andcarbondioxide(C02)emissionfactorsfor
gasoline-fueledanddieselhighwaymotorvehicles,andforcertainspecializedvehiclesuchasnatural-
gas-fueledorelectricvehiclesthatmayreplacethem43."Mobile6.2waslimitedbyitslackof
specificity."ThismeansthatMobile6.2doesnothavetheabilitytopredictemissionfactorsfora
specificvehicleoperatingataspecificlocationataspecifictime44."Furthermorethemodelhasa
limitedabilitytocapturedatafromasmallchangeinthetransportationnetwork.In2010ithasbeen
replacedbythenewEPAMOVESmodel."Inthemodelingprocess(forMOVES),theuserspecifies
vehicletypes,timeperiods,geographicalreas,pollutants,vehicleoperatingcharacteristics,androad
typestobemodeled.Themodelthenperformsaseriesofcalculations,whichhavebeencarefully
developedtoaccuratelyreflectvehicleoperatingprocesses,uchascoldstartorextendedi le,and
provide stimatesofbulkemissionsoremissionrates45."TheMOVESmodelisnowusedtotestfor
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confonnitywithairqualityregulations.
Thesecondmethodtoestablishemissionfactorscanbederivedfromaspeed-emissionscurve,
tablesorequations46.A speedemissionscurvegraphsagivenvehiclesdrivingspeedandthe
correlatingratesof specificemissions."Theimpactof speedonengine fficiencyisanon-linear
relationship,withdisproportionatelygreaterimpactsastravelingspeedmovesfurtherawayfromthe
optimumlevelofaround50mph47."An exampleofaspeed-emissionscurvecanbeseeninfigure-lin
appendix.Emissionstablestypicallyassignvehiclestoacertainvehicletypesuchaspassengercar,
lightdutytrucksandheavydutyvehicles.Oncecategorizedthevehicleis assignedthegivenemission
ratefortheyearitwasproduced.Thiscategorizationallowsforaccuratestimationofvehicle
emissions.Thesetableshavebeenusedtodevelopemissionoutputguidelinesforstateinspectionsof
motorvehiclesandtheCaliforniaAir Resourceboardhasusedit toevaluateCongestionMitigationand
Air QualityImprovement(CMAQ)Projectsthatoccurwithinthestate.Equationscanalsobeusedto
estimatemissionfactors.Typicalvariablesneededinthesequationsincludebutarenotlimitedto:
distanceoftravel,speedofvehicle,vehicleclassification,andnumberoftripsmadeperday.These
emissionequationscanbedoneforspecificpollutantsascanbeseeninFigure-I.Thisequationwas
developedfortheAmericanBusAssociationin200748.Thefocusofthisequationwastocalculatethe
CarbonDioxideemissionsofpassengersonabus.EstablishingtheamountofC02 emittedper
passengermilebyvehicletypedemonstratestheefficiencyofcertainmodestomovepeople.
Thesemethodscanbeusedindependentlyorcombinedtoestablishemissionfactors.This
combinationofmethodsi criticaltothedevelopmentofemissionmodels.Thesecomputerbased
modelsrequireinputsfromtables,equationsandgraphs.Emissionfactorsareconstantlyimproving
duetotechnologicaldvancement,andgrowinginterestofpollutantproductionandeffects.
TheSafeRoutestoSchoolProgram
TheSafeRoutestoSchoolprogramwasestablishedin2005undersection1404under
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modelsrequireinputsfromtables,equationsandgraphs.Emissionfactorsareconstantlyimproving
duetotechnologicaldvancement,andgrowinginterestofpollutantproductionandeffects.
TheSafeRoutestoSchoolProgram
TheSafeRoutestoSchoolprogramwasestablishedin2005undersection1404under
SAFETY-Lu. Thesaferoutesprogramwasawarded$612milliondollarsfrom2005to2009.Funds
areawardedthroughstatesDepartmentofTransportationthentoindividualschools.Eachstateis
requiredtohaveaSafeRoutestoSchoolCoordinator,developaSafeRoutestoSchoolprogram,and
dispersefundsequitablyandin accordancewithfederalpoliciesandlaws44."Thepurposeofthis
fundingistoallowandencouragemorechildrentosafelywalkandbicycletoschool.Thebulk(70to
90%)ofthesegrantsallowschoolsandcommunitiestoretrofitandbuildroads,sidewalks,bikelanes
andpathwaystoallowchildrentomoresafelywalkandbicycletoschool.A smallerpercentageof
funding(10to30%)supportsnon-infrastructureactivities,includingwalkingandbicyclingsafety
education,driverawarenesscampaigns,morerobustenforcementofspeedlimitsandtrafficsafety
rules,promotionaleventstoencouragemorechildrentowalkandbicycle,andmore45."Moreschools
applyeveryyear,theavailablefundscanonlyaidasmallpercentoftheseprojects.Simply,thedemand
forthisprogramoutweighstheavailablefederalfundsgiventothestates.Somestatesandlocaltowns
havecreatedandallocatedadditionalsourcesofrevenuebyinvolvingtheprogramintotheannual
operatingbudgetsorbyinclusionintothecapitalimprovementsprojectsplan.Privatefundshavebeen
generatedbycorporationsorbusinessesinthecommunity,foundationsandgrants,individuals,events,
andparentteacherassociations.Theseprivatefundsaregeneratedthroughasharedinterestinthe
improvementsandconditionsofthecommunity.Thesefundsareuseddirectlytoaccomplisht esafe
routestoschoolsgoalsof increasedsafety,reducedobesityandimprovedairquality.
Saferoutestoschoolsclaimsofairqualityimprovementsaretypicallybasedonincreasedrates
ofalternativemodesoftravelandeliminationofautomobiletripstoschool46.Increasednumberof
9
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initiativescannot evaluatetheircontributiontotheimprovementofairquality.SafeRoutestoschool
programshaveaclearneedforimplementationfasystemtoquantifytheimprovementsmadetoair
quality.In "arecentGovernmentsAccountabilityOfficereportontheSRTSprogramcalledfor
evaluatingtheprogramrigorouslyacrossarangeofoutcomesincluding"safety,benefits,behavior
changes,...improvedstudenthealth,improvedairquality,decreasedtrafficcongestionandothers52.The
programhasdemonstrateditsabilitiesandpopularity,butrequiresimprovementstothestatisticaldata
onitsairqualityimprovementclaims.
Oneofthesecurrentinitiativestodecreasetheamountofparentsdrivingisthewalkingschool
bus.Thewalkingschoolbusallowsgroupsofstudentsobeaccompaniedbyoneormoreadultswhen
travelingtoschool.Thereis awiderangeoforganizationforthiswalkingschoolbus,itcanbeformal
schoolgeneratedsystemoraparentdrivenprogramwherefamilieswalktogether.Theflexibilityand
easeoftheprogramhasmadeitoneofthemostsuccessfulinitiativesforSafeRoutestoSchool.Safe
RoutestoSchoolclaimsthathewalkingschoolbusaccomplishesallof itsgoals,parentalsupervision
leadstoincreasedsafety,walkingtoschoolincreasesstudentactivity,andreducesthenumberof
studentsreliantonmotorizedvehicleswhichimprovesairquality.Thecurrentevaluationdoesnot
includeanyquestionsonairqualityimprovements(seeevaluationformfigure-2intheappendix).
However,respondentsarerequestedtoanswerquestionsonsafetyandphysicalactivityimprovements
bythewalkingschoolbus.Theevaluationofairqualityimprovementlacksinputfromtheparentsand
childrenoftheparticipatingschool.Air qualityis adifficultopic,andrequiresmoredetailed
knowledgethansafetyoractivitylevel.Air qualityischallengingtoevaluateduetothelackof
perceivedimpact.Lackof safetyandobesityareobviousproblems,pollutantslacksthisvisibility
component.Thewalkingschoolbushasinspiredasimiliarconceptofbicycletrains.A bicycletrain
operatesinasimilarmannertowalkingschoolbuses,agroupof studentsareaccompaniedbyadultsto
schoolbutusingtheirbicyclesasamodeoftransport.An adultisrequiredtotravelin frontandis
10
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perceivedimpact.Lackofsafetyandobesityareobviousproblems,pollutantslacksthisvisibility
component.Thewalkingschoolbushasinspiredasimiliarconceptofbicycletrains.A bicycletrain
operatesin asimilarmannertowalkingschoolbuses,agroupofstudentsareaccompaniedbyadultsto
schoolbutusingtheirbicyclesasamodeoftransport.An adultisrequiredtotravelin frontandis
referredtoasthetrainengineer,anadultisalsointherearandoperatesasthecaboose.No current
evaluationformontheSafeRoutestoSchool.
Theparkandwalkinitiativeprovideanopportunityforparentsandstudentsoparkinacentral
locationthencompletethetriptoschoolonfootorbike.Thisideawasinspiredbytheconceptofpark
andridelots,wherecommutersparktheirvehiclesinalotandcarpoolorusetransitocompletetheir
trip. Schoolsthatsufferfromcongestionissuescanincorporatehisinitiativetoreducethenumberof
motorvehiclesincloseproximitytotheschool.Typicallytheseparkandwalklotsareusedby
familieswholivefurtherawayfromschool.As aforementioned,thefundsaredesignatedfor
infrastructureimprovementswithintwomilesoftheschool.Manyschooldistrictsaremuchlarger
than2miles,andservepopulationsfromgreaterdistances.Theseparkandwalklotsareabletoreduce
theamountofemittedpollutantstotheschoolzonespecifically.Air pollutionfromroadwaystypically
dissipatesby 150meters,andthemajorityoftheseparkandwalklotsarelocatedfurtherawaythanthat
distance.PresentlythereisnoevaluationformforthisinitiativeontheSafeRoutestoSchoolwebsite.
Provisionofalternativesmodesoftravelreducesautomobiletripsandcorrelatingemitted
pollutantstoschoolsandcommunities.However,theseairqualitygainsareambiguousandlackany
measurableimprovement.SafeRoutestoSchoolmustestablishtheabilitytoquantifythereductionof
childexposuretomotorvehicleemissionsinordertocontinuetheclaimofairqualityimprovement.
Theirbasicassumptionsof improvedairqualityiscorrect,butlackimpactandadequateevaluation
methodsunlessthegainsarequantifiable.Thisadvancementis henaturalprogressionSafeRoutesto
Schoolsneedsforoverallprogramimprovementandjustification.
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Summary
Thischaptersbroadoutlineof schoolsandemissions,atmosphericemissions,measurementof
emissions,andsaferoutesto schoolprogramwas necessaryto identifycurrent.practicesand
demonstrateaneedfor advancement.Thechapterbeganbyoutliningthecurrentliteratureonschool
proximityto roadwaytrafficvolumes.The processof atmosphericemissionsdemonstratedhow
pollutantsoperateandtheharmfulheatlheffectstheyhaveon respiratorysystems.Methodsof
measurementwereintroducedtodisplaycurrentoolsutilizedtoestimatemissions.Finally,areview
of theSafeRoutestoSchoolprogramandemissionsreductioninitiatives.Researchof thesefourareas
is necessaryforevaluatingandcreatinga toll thatis adequateandappropriatefortheSafeRoutesto
SchoolProgram.
12
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CHAPTER 3
ProiectGoal
Project Goal
To createa simple,easilyappliedmethodologytoquantifyvehicularemissionsgeneratedby
schoolsparticipatingin thesaferoutesprogram.Thismethodwill quantifythepollutantsof nitrogen
oxide,carbondioxideandvolatileorganicompounds,productionof atypicaltriptoandfromschool
fortherespondent.TheSafeRoutestoSchoolprogramslacktheabilitytoquantitativelydemonstrate
theirinitiativesimprovetheparticipatingschoolsair quality.Thestudywill initiallyestablishthe
existingconditionsofgeneratedemissions,thenwill enabletheschooltotracktheirindividualprogress
inreduction.
ProblemStatement
TheSafeRoutestoSchoolprogramclaimstohelpreducevehicularemissionsaroundschool
zones,but lackssupportingevidenceor systemsto monitorschoolsprogress.The SafeRoutesto
Schoolsclaimsof obesityreductionandsafetyimprovementshavestrongerevaluationandmethods
analysis.The intentionof this researchis to createa methodto trackSafeRoutesto School's
achievementsin reducingtheamountof emissionsgeneratedbymotorvehicletrips. Thismethodis
purposelymadeuserfriendlyforSafeRoutetoSchooladministersorschoolfacultytoimplementand
easilyreplicate.Thetoolwill establishabaselineofwhatschoolsgenerateinmotorvehicleemissions.
The toolcanreceivenewinputsoncetheprogramhasbeenimplementedandthenthedifference
betweenbaselineand post-implementationemissionswill demonstratehe effectivenessof the
program.
ResearchQuestion
Whatarethebaselineemissionsof NitrogenDioxide,CarbonDioxideandVolatileOrganic
Compoundsgeneratedbyvehiclestravelingtotheschoolsinthestudy?
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FocusedResearchQuestion
HowmuchemissionsperdayaregeneratedbyParentdriver/teachers?
Howmuchemissionsdoesanaverageparentdriverproduce?
Howmanyparentdriversandteacherscarpool?
Howmanycarsarereducedbybycarpooling?
Howmuchemissionsaresavedbystudentswhowalkorbiketoschool?
SpecificObjectives
1. Quantifythelengthoftripmadebymotorvehiclestravelingtoandttomtheschool
2. Quantifyandcategorizethetypeandcorrelating??totalnumberof vehiclesfor each
category
3. Averagethelengthoftripsforeachcategory
4. ApplyEPA modelfor schoolsitingfor motorvehicleemissions.Thisnumberwill
becomethebaselinemissionsofschool
5. Detenninenumberofwalkersandbikers.Representsavingsofemissions
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CHAPTER 4
Methodolol!V
Introduction
This studyanalyzedtheemissionsgeneratedattheSouthamptonRoadElementarySchoolin
Westfield,MA whichparticipatesin theSafeRoutesto Schoolprogram.Emissionsgeneratedis a
conceptwhichestimatestheemissionscreatedby individualstravelingto theschool In orderto
calculatetheamountofemissionsgeneratedbytheschoolavoluntaryfivequestionsurveywasusedto
quantifyandcategorizethesemotorvehicletrips. Thissurveyrequiredinformationonvehicletypes
andif theycarpooledin ordertocategorizethedifferentgroups.Thesurveyrequirednumericalvalues
aboutaveragedistanceto school. Thesecategoriesandnumericalvaluesactedas inputswhen
calculatingemissionsgeneratedbythemotorvehicles.
GeneratedEmissions
Emissionsgeneratedis auniqueconceptcreatedforthisstudy.Thismeasurewill establishow
muchC02,NOxandVOC'sareproducedbyvehiclestravelingtoschool.Publicschoolshavelittle
controlovervolumethatroadwaysincloseproximitycarry.Theschoolscanonlyinfluencethe
behaviorandvolumeofmotoriststhatraveltotheschool.Theschoolcaneasilyquantifythetotal
numberofvehicles,typeofvehicles,yearofvehiclesandaccessemissionrates.Usingthiscollected
dataasinputsemissionscanbeestimatedtodaily,weekly,monthlyandyearlytotals.Whilethe
generatedemissionsmaynoteffectheschoolzonealone,andwouldratherbedispersedalongthe
individualtrip,theschoolshouldmakeeffortsinreducingtheautomobiletripsandcorrelating
emissionstheygenerate.
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Survey
ThisvoluntarysurveywasdistributedbytheElementaryschoolin eachclassroom.Thefull
surveyinstrumentcanbeseenin figure-3in theappendix.Productionandprintingwaspaidby the
researcher,nocostswereplacedontoSouthamptonRoadElementarySchool.Thestudentsbrought
homethesurveyto completewiththeirparents.Thenreturnedandcollectedby theschool. 450
surveysweredistributedtothestudentand50surveystothefaculty.84surveyswerereturnedbythe
students,and21surveyswerereturnedbythefaculty.Thesurveysresponsesproduceasampleof the
vehicularcommutersof theindividualschool.Thissampleis importantin extrapolatingthepollutants
ofthetotalfleetaswellasproducingatypicalcommutervehicleemittedpollutants.Furthermore,this
samplenablesdaily,weekly,monthlyandyearlypredictionofanticipatedpollutants.
Non-ResponseBias
Thesampleproducedthroughthesurveywascomparedto theMassachusettsDepartmentof
Transportation,geographicnformationanalysisandCensusstatisticalinformation.TheRegistryof
MotorVehiclesdepartmentiswithintheMassachusettsDepartmentofTransportation.Thisdepartment
producesa reportwhichcalculatesthepercentageshareof vehiclesfor bothlightdutytrucksand
passengerautosforeachcommunity.Additionally,thesereportscalculatetheaverageageof vehicles
foreachcommunity.
VehiclePercentageShare
TheStatereportedthepercentageshareofpassengervehiclesandlightdutytrucks/suvswere
51.4%and35.7%respectively.Thesurveyresultsindicatedthat67.6%of vehiclestravelingto the
schoolwerepassengercarswhiletheremaining31.4%wereSUV/TruckorVan. Thereasonforthe
discrepancybetweenthepassengercarpercentagesharereportedbythestateversusthesurveyis the
typeof vehiclesthatschoolsgenerate.The statesnumbersincludeall registeredvehicles,which
includestrailers,heavydutytrucks,motorcycles.Inclusionof thesevehicletypesreducesthetotal
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percentageshareofpassengervehicles.Heavydutytrucks,trailersandmotorcyclesaretypicallynota
modeusedto transportstudentsto school.Passengercars,Trucks,SUV's andVansaretheprimary
carriersof studentstoschools. Thepercentageshareof SUV/TrucksandVanshada4.3%difference
betweenthesurveycalculationsandthestatesnumbers.
VehicleAverageAge
Thesurveyresultsindicatedthatheaveragepassengercarswere6yearsoldwhiletheaverage
SUV/Trucksandvanswere5yearsold.Accordingtothe2008figuresreportedbythestate,theaverage
registeredvehiclewas10yearsold. This averageageis doublethesurveypredictedtotalfor the
vehicletypesaverageage.Thisaverageageproducedbythestatedoesincludeallregisteredvehicles
types,andis twoyearsold. Thispredictionin thesurveyof moremodemvehiclesproducesamore
conservativeemissionsestimatefortheschool.Thispredictionis moreconservativeb causeit usesa
2005vehicleemissionspermileratefor predictionwhichhasloweremissionratesthananolder
vehiclesfrom2000.
AverageDistancetoSchool
Thedistancetraveledby studentsto theSouthamptonRoadSchoolaveraged3.5miles.This
distanceis producedby totalingall parentdriversresponses.The WestfieldPublic School
Adminstrationproduceda listof all streetsthattheSouthamptonRoadSchoolserves.This listwas
usedto createa roadnetwork.Overlayingthis roadnetworkontoan orthographicmagefrom
MassGIS(MassachusettsGIS Inventory)displayedresidentialclustersandmainintersectsfor less
denseresidentialareas. Someresidentialclustersandneighborhoodsareeasyto identifyin the
SouthamptonSchoolDistrictservicearea.Majorintersectionsfortheneighborhoodswereidentified
ontheroadnetworkfortheselocations.Thisschoolalsoservesareasof thecommunitythatareless
denseorrural.Fortheselessdenselocationsamainintersectontheroadnetworkwasidentifiedthat
residentswoulduseto accesstheschool.A shortestpathtoolwasthenusedto calculatetheleast
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segmentlengthsneededto travelto theschoolfromtheseidentifiedresidentialclustersandmain
intersects.Thedistancefor these6 identifiedresidentialclustersandmainintersectsaveraged3.2
miles.Table1intheappendixidentifiesidentifiestheselectedlocationsandcorrelatingdistances.
Carpooling
Accordingtothe2000decennialcensus5.4%ofWestfieldresidentscarpooledtoworkwitha
truck,van,suvorpassengercar. Of the105surveys3 reportedto carpoolor 2.8%of respondents.
Westfieldoesnothavealargecarpoolingpopulation,andthesurveyindicatedevenlessparticipation.
Thelowshareof carpoolingcalculatedbythesurveyreflectsthelowpercentageproducedinthe2000
survey.
Emissions
TheemissionspermilewasgeneratedthroughtheEPA Mobile6.2program.Thisprogramcalculates
emissionsof hydrocarbons,nitrogenoxide,andcarbondioxidefor differentvehicleclasses(Ire.
motorcycle,passengercar,truck).Theprogramis typicallyusedin StateImplementationplanswhen
addressingfederalCleanAir Act Standards.OnefunctionofMobile6.2is togeneratemissionsper
mile. Theseemissionsper mile outputsare producedby the MassachusettsDepartmentof
Transportation.To increasereplicability,theMobile6.2programwill usetheseEPA numbers,which
will (enableindividualuserstousethesoftwarewithoutneedingadditionaltraining)avoidindividual
usersneedingtolearnandruntheMobile6.2software.
EmissionModels
Oncethe surveyhasbeenanalyzedandtheMobile 6.2 emissionsper mile havebeen
determinedthesequantitiesandcategoriescanbeinputtedintotheEPA'sSchoolSitingCalculation.
This schoolsitingequationseenin figure-lwill be usedto determinetheamountof emissions
generatedbymotorvehicletripstoor fromtheschool.WhiletheEPA will applytotheschoolasa
whole,thisparticularmethodwill applytheequationtoeachtransportationmodeandthepopulationof
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usersofthatspecificmodeoftravel(Figure-2).Theequationwill bedoneseparatelyforparentdrivers,
teachersandtheschoolbusestodemonstrateeachgroupsemissionstotheschool.Thedatawill also
bebrokendownfurtherbyvehicletype(toillustratethedifferencein emissionspermile)duetothe
differenceinemissionspermile.Theequationfirstrequiresthatemissionspertripbeestablished.The
frequencyrequiredfor thattripcanbeappliedandsummedwithotherinputstocalculatethetotals.
Schoolbusemissionsdiffergreatlyfromapassengercar,applyingthesameemissionspermilewould
leadtoerroneousresults.
Figure l-EPA SchoolSitingCalculation
Enrolhnent* automodesplit* averagetriplength* emissions/mile* 2 trips/day=emissions/day-fora car
Figure2-EquationUsedfor Study
.-.-.--------.---.-----...-.---.-..-.---......--....-.-...--.. ....-.-....-.--..---..-----.---.-------
(Emissions/mile* Trip Length(inmiles»* Frequencyof Trips=emissionsperchosenfi-equency
SiteLocation
Theschoolthatwill beassessedinthisstudywill beSouthamptonRoadElementarySchoolin
Westfield,MA. This schoolparticipatesin thesaferoutesto schoolprogramandis locatednextto
numberedrouteroadswhichhavethecapacitytocarryheavyvolumesof traffic.SouthamptonRoad
ElementarySchoolis locatedonRoute202/10,andahalfmilefromtheexit3MassachusettsInterstate
90(MassPike).In 2006SouthamptonRoadnorthof thisinterchangecarriedanannualaveragedaily
traffic(AADT) of 18,900vehiclesaccordingtoMassDOT'strafficcountrecords.Theschoolentrance
is locatedroughly60meterstotheRoute201202,thetwobackendsof theschoolarelocated143and
126metersaway,whichis well within 150meterdistancestudiedby Venn,2001andGreen,
2004(Figure-3).The childrenwhoattendthisschoolarealsolocatedlessthan1000metersform
BarnesAirport.FurthermoreamajorindustrialsectorofWestfield,whichrequiresheavydieseltrucks
to transportgoods. Whilenot includedin thestudy,NorthMiddleSchoolis locatedbehindthe
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to transportgoods. Whilenot includedin thestudy,NorthMiddleSchoolis locatedbehindthe
elementaryschool. The studentwho attendthisschoolareexposedto exhaustemissionsfIom a
varietyof modesof transport.If theschoolcanreducetheamountof tripsmadebyparents,theyare
proactivelyreducingtheirchildrenexposurerates.
This schoolhaveregionalair qualityhurdlesto overcomeas well to provideoptimal
environmentalconditions.HampdenCountyhasbeenconsidereda nonattainmentzoneunderthe
CleanAir ActAmendmentsof 1990.Thisdesignationi dicatesthatheregionalairqualityexceedsthe
maximumvaluesallowedundertheNationalAmbientAir QualityStandards.TheseEPAstandardsare
establishedtoimproveandprotecthumanhealth.ThesesitelocationsarevulnerabletoemissionsfIom
vehicular use and pre existing regional challenges
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HowtoFurtherTestingMethod
Thistestmethodcouldbeaidedbycalculationofcoldstartandevaporativeemissionsproduced
byvehiclestravelingtotheschool.Coldstartemissionscouldhavealargeimpactduetothenatureof
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tripsmadetoschool.Typicallythesearethefirsttripsoftheday,vehiclesitovernightanddonot
operateasefficientlyonitsfirsttripoftheday.Oncetheengineiswarmandtheenginehasbeen
lubricatedemissionslevelsimproveduetotheincreasefficiency.Theimpactofthesecoldstart
emissionsarenotidentifiedinthisstudy.Facultytripstypicallyoriginateathomethentravelandpark
attheirschool.Facultyproducemissionsfromcoldstartemissionsandalsoparkingatschoolwhich
producesevaporativeemissions.Emissionsevaporateoffoftheengineandexhaustasitcoolsdown
fromthetrip.Evaporativeemissionsarenotestimatedinthisstudy.
A largecontributorofemissionsgeneratedbyschoolsaretheschoolbusemissions.Dueto
largervehiclesize,moreenergyisneededtopropelthevehicle,theselargermechanicalJ?artsproduce
moreemissions.Dieselenginesareusedinthemajorityof schoolbuseswhichproducemore
emissionsthannormalpassengercaremissions.Schoolbusesemissionswerenotcalculatedinthis
study.Thisadditionalinformationcouldbeutilizedtocalculatethetotalamountofemissions
generatedbyallvehiclestravelingtoschool.
Exposureratestravelingtoschoolarenotincludedinthisstudy.Theratesof childrenwalking
toschool,childrenridinginabuscabin,andchildrenridinginpersonaltransportarenotcalculatedin
thestudy.Childrenwalkingalongroadwaysarevulnerabletoinhalepollutantsfromthevehicles
passingby.Thecloseproximityofchildrentoroadwaysandexhaustemissionsallowsinhalationofthe
toxins.Childrenridingonschoolbusesareexposedtodieselpollutantswithinthebuscabin.The
cabiniscomposedoftheseatingareaforthechildrenanddriver.Schoolbuscabinsarenotsealedto
thesamestandardsaspassengercarsallowingforpollutantstoinfiltratetheseatingarea.Children
ridinginthesecabinsareexposedandinhalethesetoxins.Thiscabinexposureisnotstudied,
knowledgeofthisexposureamountwouldprovideacomprehensiveunderstandingofchildren
exposureduringschooltrips.Lastly,childrenridinginpassengercarscanbeexposedtoemissions
however,aspreviouslynotedthesecabinshavemuchbettersealingtechniques.
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CHAPTER 5
AnalvsisofStatistics
CategorizationbyEmissionsRatesandVehicleType
Vehicleswerecategorizedbyestimatedgramspermileandmodelyeartoindicatetheamount
of generatedemissions.TheEPAhasproducedemissionfactsheetsthatestimatespassengercarsand
lightdutytrucks,SUYs,vans,motorcycles,etcfortheyearsof 2000,2005and2008.Thesenumbers
wereproducedusingtheMobile6 programs.To preventoverestimationf emissions,thevehicles
weregivenconservativeestimates(Table-l).Usingthismethodallowedforvehiclestobeattributed
grams/milestimationsfor futureyearvehicles(e.g.2003uses2005emissionsrates).Whilethe
precedingmodelyearmayhavehadslightlyhigherrates,thedifferencein actualrateversusthe
attributedrateisminimal.Surveysthatreportedmodelyearsfrom2006to2010mayhavesomeslight
overestimation.Vehiclesfrom2009and2010weresubjectedtothe2008emissionsrates.TheEPA
hasnotcomeoutwithanupdatedversionofthisinformationsincethis2008paper.
Tablei-Grams/Mile Categorization
Forpurposesofapplyingthecorrectemissionsrates,respondentstothesurveywereaskedfor
vehicletypeinformation(PassengerCar,SUY/Truck,Motorcycle,other).All ofthesurveysreported
drivingapassengercarorasportutilityvehicle/truck/van.Sportutilities,lightdutytrucksandvans
emitpollutantsatahigheratethanpassengercars.Thesevehiclestypicallyhavelargerenginesand
chassiswhichproducemorepollutants.
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Grams/MileCategorization
ModelYear FactSheetUsed
2000andEarlier EPAFactSheet2000
2001-2005 EPAFactSheet2005"--...--
2005-2010 EPAFactSheet2008
EmissionRates
Carbondioxide,NitrogenOxidesandVolatileOrganicCompoundemissionratespermilewere
usedtocalculatethegeneratedemissionsbyyearandmotorvehicletype. TheEPAfactsheetsreport
thesenumbersasgramspermiles.Forincreasedconsistencythenumberswerequantifiedin
pounds(lb)permile.WhentransferringtheEPAratesintothespreadsheets,thegramspermilewere
convertedintopoundspermileusingtheconversionfactorthatonegramequals.0022pounds.Once
thenumberswereconverted,Table-2wascreatedtoapplythecorrectratestotheappropriatecategory.
Carbondioxidepermileratesremainednearlyconstantbetween2005and2008accordingto
theseEPAdocuments.2005passengercarsemitted0.813505lbs/milewhilein2008passengercars
emitted0.812182Ibs/mile.SUV/Trucksandvanssawaminimalincreasefrom1.12656lbs/milen
2005to1.13097lbs/milen2008.Notwithstanding,therewasmarkedimprovementinratereduction
from2000to2005.
Table2-EmissionslMileby VehicleTypeandYear
AccordingtotheseEPAreportsNitrogenOxidesrateshavereducedconsistentlyfromtheyear
2000to2008.Thisratewasreduced.44and.59g/milebetween2000and2005forpassengercarsand
SUVITrucksNansrespectively.Between2005and2008theratewasreduced.35and.27g/milefor
passengercarsandSUVITrucksNansrespectively.Therewasalargereductionbetween2000and
2005ascomparedto2005to2008canbeattributedtoalongertimeperiodfortechnological
advancementtoimpactemissionrates.
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Emissions/MilebyVehicleYearandType
PassengerCar(g/mile) SUV/TruckjVan(g/miIe)
Year CO2 Nox VOC Year CO2 Nox VOC
2000 415 1.39 1.36 2000 521.6 1.81 1.61
2005 369 0.95 1.36 2005 511 1.22 1.61
2008 368.4 0.693 1.034 2008 513.5 0.95 1.224
- -- - - - -
inconsistentresults.Thereshouldonlybeaminimalimpactonthetotalestimatedemissionsduetothe
minimalnumberofvehiclesreportedfrombefore2000.
FacultyEmissions
21Facultyrespondedtothesurvey.10drovepassengervehiclesand11droveSUV/TrucklVan.
Almostallfacultycommuteseverydaytotheschoolandinthisparticularsurvey20of21drove
everydaytothestudyschool.Thetotalemissionsgeneratedbyfacultycanbeseenintable-3.This
emissionsoutputwasbasedona36weekschoolyear.Theaverageteachercommutes1854milesper
schoolyear.AccordingtotheEPA,theaverageAmericandrives12000milesayear,whichwould
meancommutingtoworkfortheseteacherswouldaccountforjustfewerthan16%oftheiryearly
driving.Thismileageismuchhigherthanthepupil'svehiclesources,whichaccountsfortheteacher's
largerpercentageshareintotalemittedpollutants.
Table3-FacultyEmissionsby VehicleType
Basedoffofthereportedsurveys,anaveragevehicleforeachvehicletypewascreated(table-
4). Averagingtogethertheresponsesprovidedasampleofanticipatedpollutantsemitteduringa
typicalcommutebyvehicletype.Averagingtogetherthemodelyearsanddividingbythetotalnumber
ofvehicletypes,anaveragemodelyearcouldbedeterminedforthefleetofvehicles.Passengercars
emissionsrateswouldbecomparableto2005EPAfactsheetandtheSUV-Truckandvancategory
wouldrelateto2008.Thedailyemissionstotalsmeasuredin lbsweredeterminedbymultiplyingthe
tripdistancebythegramsemittedpermile.Theseaveragesrepresentwhatanormalteacherwould
emitontheircommutetotheschool.
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VehicleSource C02/SchoolYear NOx/SchoolYear VOC/SchoolYear
FacultyPassengerCar 8867952 23177 29902
FacultySUVIVan/Truck 7986687 16827 21965
Grams 16854639 40004 51867
Pounds 37080 88 114
-- - - '-- - - - - - - -- ---
Table4-FacultyAverageFleetEmissions
Thepurposeofcreatingthiscalculationistoenhancereplicabilitybysimplifyingthemethods
ofdatacollection.Onceanaveragevehiclehasbeenestablished,asimplevehiclecountcanbe
conductedtodeterminetheamountofgeneratedemissions.Thisvehicledatacollectionofteachers
wouldseparatelycategorizepassengercarsandSUV/TrucksNansinordertoapplytheaverage
estimatedemissionsforthetrip.Thissameprocedurecanbeappliedtoparentdropoffs.A yearly
surveywouldbeneededtoquantifytheaveragevehiclewithinthefleet.
Accordingtothesurvey,teacherscommutelongerdistancesthanparentsandparktheirvehicles
onschoolgrounds.Thesedrivingpracticesproduceavarietyofpollutantsinadditiontoexhaust
emissions."Withtoday'sefficientexhaustemissioncontrolsandgasolineformulations,evaporative
lossescanaccount,onhotdays,foramajorityofthetotalVOCpollutionfromcurrentmodelcars.
Evaporativeemissionsoccurinseveralways:Hotsoak(CoolingDown)-Theengineremainshotfor
aperiodoftimeafterthevehicleisturnedoff,andgasolinevaporationcontinueswhenthecaris
parkedwhilecoolingdown.DiurnalEmissions(EmissionswhileParkedandEngineisCooling)-
Evenwhenthevehicleisparkedforlongperiodsoftime,gasolinevaporationoccursasthe
temperaturerisesduringtheday(AutomobileEmissions:An Overview,EPA,2000)."
ParentDriversofPupils
84parentdriversrespondedtothesurveyreportingthat61pupilsweretransportedinpassenger
vehicleswhile22weretransportedin SUV/TrucksNans(table-5).Nearlyallteachersdrivetoschool
daily,however,parentshaveagreaterrangeinthenumberofdaystheydrivetheirchildrentoschool.
39outofthe84pupilswerereportedtobedriveneverydaywhile19ofthe84weretransportedonly
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AverageFleetEmissionsOutput
C02Trip NoxTrip VOCTrip
Total#of Emissions EmissionsEmissions
Source Year Distance(miles) Vehicles (grams) (grams) (grams)
Teacher-PassengerCa 2002 12.97 10 4926.64 12.88 16.61
Teacher-SUV-Truck-Van 2006 7.89 11 4043.02 8.52 11.12
daily, however,parentshavea greaterrangeinthenumberofdaystheydrivetheirchildrentoschool.
39outofthe84pupilswerereportedtobedriveneverydaywhile19ofthe84weretransportedonly
onceaweek.Thisrangeshowshowmuchfluctuationoccursinpupildropoffprocedures;however,
thissampledeterminesthetotalpercentagethateachrangewouldpossess.Childrentypicallylive
closertotheschoolsthantheirteachercounterparts.Onaverageparentsdrive454milestothe
elementaryschooleachyear.Incomparison,theteachers'hareofmilesdriventoschoolwas4times
greater.However,duetothenumberofparentdriverstheiremissionstotalsarerelativelysimilarin
comparisontotheteachers.
Table5-ParentDriverEmissionsby VehicleType
An averagevehicletypewascreatedforparentdrivenvehiclesaswell(table-6).Aspreviously
mentionedthisaveragevehiclecanbeusedtocategorizeandcountotalarrivingvehicles.The
numberswerecalculatedwiththesamemethodusedforteachers.Theaveragedistanceforthese
vehiclesis againnoticeablyshorterthantheteachersduetochildrenlivingincloserproximitytothe
school.Despitetheshortercommute,thereareagreatertotalnumberofparentdriverswhichincreases
thetotalemittedpollutants.
Table6-ParentDriverAverageEmissions
Duetoparent'shortercommutes,theiremissionsaresubjectedtoaconceptknownas"cold
starts."Mostofthesetripswouldoriginateatthehomeandtheschoolwouldmostlikelybethefirst
destination.Tripsoriginatingatthehousearetypicallysubjectedtothesecoldstartincreased
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VehicleSource C02/SchoolYear Nox/SchoolYear VOC/SchoolYear
PupilPassenQerCar 10579638.96 25056.57 35947.84
PupilSUVfTruckNan 4607744.40 10613.20 13586.52
Grams 15187383.36 35669.77 49534.36
Pounds 33412.24 78.47 108.98
AverageFleetEmissionsOutput
C02Trip NoxTrip VOCTrip
Total#of Emissions Emissions Emissions
Source Year Distance(miles) Vehicles (grams) (grams) (grams)
Pupil-PassengerCar 2005 3.65 62 1346.85 3.10 4.48
Pupil-SUV 2004 3.45 22 1769.95 3.91 5.26
resultsinhigheremissionsbecausetheemissionscontrolequipmenthasnotyetreacheditsoptimal
operatingtemperature.
TotalEmissions-PassengerCar versusSUV/Truck/VanEmissions
71ofthosesurveyedreportedthatheydroveapassengercar,representing68%ofthetotal
vehiclefleet.Theremaining33werereportedtofitunderthetruck/SUYIvancategory,whichaccounts
for32%ofthevehiclefleet. ThetotalCarbondioxideemittedwascalculatedatslightlyover33tons.
Passengervehiclesaccountedfor58%ofthesepollutantswhileSUY/Trucksandvansaccountedfor
theremaining42%.ThesepercentageshareshowthatSUY/trucksandvanscontributealargershare
duetotheenergyneededtooperatethevehicle.TheSUY/Trucksandvanscategoryaccountsfor35%
ofbothnitrogenoxideandvolatileorganicompoundgeneratedbyschooltrips.Thispercentageshare
ofemissionsi only3%greaterthanthevehiclefleetshare.
Table7-VehiclularEmissionsby VehicleType
Thesetotalsseenintable7onlyattributeforthereportednumbers.Thenumberofteachersand
parentdriversisknowntobegreaterthanthe104respondents.Tables8presentsemissionsexpectedif
therewere10%,50%or 100%moreteachersorparentsofpupilsdriving.Thiswouldincreasethe
teachertotalto23,32,or42respectively,whileincreasingtheparentdrivertotalto91,125,or166.
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SouthamptonRoadSchoolVehicularGeneratedEmissionsbyVehicleType
VehicleSource C02/SchoolYear NOx/SchoolYearIVOC/SchoolYear
PassengerCar 42785 1061 145
SUV/Truck/Van 27708 60j 78
-- -- -- ----
Table8-PredictedYearlyFleetEmissions
Therearemorethanjust104parentdriversandteacherswhotransportthemselvestotheschool.As
thetwoprecedingtablesdisplaythetotalemissionsonayearlyaveragecanincreasedramaticallywith
ahigherquantityofdrivers.Thesepredictionsarebasedoffofthesampleandassumethateachersand
studentvehiclefleetaverageswouldremainsimilar.
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PupilTransportAverageFleetYearlyEmissionsMultipliedby10%
VehicleSOlll'ce C02/SchoolYear(lb) Nox/SchoolYear(lb)VOC/SchoolYear(lb)
PupilPassengerCar 25798.69 61.01 90.266
PupilSUVNan 11178.33 25.27 34.265
Totals 36977.02 86.29 124.53
PupilTransportAverageFleetYearlyEmissionsMultipliedby50%
VehicleSOlll'ce C02/SchoolYear(lb) Nox/SchoolYear(lb)VOC/SchoolYear(lb)
PupilPassengerCar 35180.02 83.2 123.09
PupilSUVNan 15243.18 34.47 46.725
Totals 50423.2 117.67 169.81
PupilTransportAverageFleetYearlyEmissionsMultipliedby100%
VehicleSOlll'ce C02/SchoolYear(lb) Nox/SchoolYear(lb)VOC/SchoolYear(lb)
PupilPassengerCar 46906.7 110.94 164.12
PupilSUVNan 20324.24 45.96 62.3
Totals 67230.94 156.9 226.42
TeacherAverageFleetYearlyEmissionsMultipliedby10%
VehicleSOlll'ce C02/SchoolYear(lb) Nox/SchoolYear(lb)VOC/SchoolYear(lb)
TeacherPassengerCar 16399.36 60.709 93.94
TeacherSUVNan 19358.51 40.799 54.197
Totals 35757.87 101.5 148.13
TeacherAverageFleetDailyYearlyMultipliedby50%
VehicleSOlll'ce C02/SchoolYear(lb) Nox/SchoolYear(lb) VOC/SchoolYear(lb)
TeacherPassengerCar 22362.76 82.78 128.1
TeacherSUVNan 26397.97 55.63 73.9
Totals 48760.74 138.42 202
TeacherAverageFleetDailyYearlyMultipliedby100%
VehicleSOlll'ce C02/SchoolYear(lb) Nox/SchoolYear(lb)VOC/SchoolYear(lb)
TeacherPassengerCar 29817.02 110.38 170.8
TeacherSUVNan 35197.3 74.18 98.54
Totals 65014.32 184.56 269.34
- - -
What couldcarpoolingdo?
Veryfewofthesurveyrespondentsreportedthatheycarpooled.In fact,6ofthe104recordedthat
theytransportedanotherchildtotheschool.Thesecarpoolsareanessentialwaytoreducethe
emissionsgeneratedbyaschool.Providingtransportationforanotherpupiloftheschoolimmediately
reducesthenumberofvehiclestravelingtotheschool.A reductioni thetotalvehiclestravelingto
schoolwoulddecreasetheoverallemittedpollutants.It isassumedforthisstudythatchildrenbeing
carpooledwouldtravelthroughthesamemode(motorvehicle)if notcarpooling.Emissionsreduction
couldbeattainedeasilythroughacarpoolinginitiativefromparentsandfromtheteachers.Carpooling
reducesthenumberofcarsneededtotransportstudentsoschoolsandthenumberofcoldstartvehicles
travelingtotheschool.Sincemorningtripsusuallyarethefirsttripmadebythevehicle,thevehicles
donotoperateasefficientlyinturnproducingmoreemissions.Facultycouldreducetheamountof
evaporativeandcoldstartemissionsif therewasmorecarpooling.Thecoldstartemissionswouldbe
reducedbyreducingthetotalnumberofvehicles.Evaporativeemissionsreductionis linkedtothe
generatingfewerfacultymotorvehiclesthatparkincloseproximitytoschools.Thestudyschoolhas
verylittlecontrolorpoweroverthetrafficvolumeonRoute10-202immediatelyadjacenttothe
school.TheycannotcontroltheemissionstheyreceivefromBarnesAirportorfromtheMassPike.
However,theschoolcanpromoteareductionintheemissionsthatheygenerate.Carpoolingmaybe
themosteffectivemethodinattainingimmediater ductioni emissions.Table9displaysthesaving
a10%or25%increaseincarpoolingwoulddecreasetotalemissions.
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Table9-EmissionsReductionswithIncreaseRateof Carpooling
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AverageFleetDaily EmissionsSwveyedConditions
C02/School Nox/SchoolVOC/School
VehideSourceYear(lb) Year(lb) Year(lb)
Teacher
PassengerCar 19509.49 50.99 65.78
Teacher
SUVNan 17570.71 37.02 48.32
Pupil
PassengerCar 23275.21 55.12 79.09
Pupil 10137.04 23.35 29.89
Totals 70492.45 166.48 223.08
AverageFleetDaily Emissions10% Carpool
C02/School Nox/SchoolVOC/School
VehideSourceYear(lb) Year(lb) Year(lb)
Teacher
PassengerCar 13417.66 49.67 76.86
Teacher 15838.79 33.38 44.35
Pupil
PassengerCar 21108.02 49.92 73.86
Pupil
SUVNan 9145.91 20.68 28.03
Totals 59510.37 153.65 223.1
AverageFleetDaily Emissions25% Carpool
VehideSourceC02/School Nox/SchoolVOC/School
Teacher
PassengerCar 11181.38 41.39 64.05
Teacher
SUVNan 13198.99 27.82 36.96
Pupil
PassengerCar 17590.02 41.6 61.55
Pupil
SUVNan 7621.59 17.23 23.36
Totals 49591.97 128.04 185.92
Emissionsavingscanbeeasilyattainedthroughcarpoolinitiatives.Manyoftheseshortrips
couldbeaccomplishedbyneighborswithchildren,andcouldlimittheemittedpollutantstonearby
schools.Theschoolhasfewoptionstocurbtheemissionsgeneratedbythehighway,route10-202,
andBarnesAirport.Teachersmayhaveahardertimearrangingforcarpoolsduetotheincreased
distancemosttravel.A largerangeintraveldistancetypicallywouldmeanalargerareaofhabitation,
sotripscannotbeplannedaseasilyaswiththeparentdrivers.
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CHAPTER 5
Conclusions
Applicationofthisequationwill enableschoolstomeasuremissionsandtrackdaily,weekly,
monthly,andfortheschoolyearprogressquantitatively.Theneedofquantitativeinformationis
necessaryforthecontinuationoftheclaimof improvedairqualityandwouldbeanimprovementfrom
theassumptionsthatSafeRoutestoSchoolcurrentlyclaims.Thisjustificationwill comefromthe
abilitytoproduceabaselineofemissionsbeforeinitiativesortheprogramhasbeenimplementedanda
postimplementationstudytotracktheactualemissionsreduced.Furthermore,schoolsandSafe
RoutestoSchoolwill havegreaterknowledgeofthepollutantshatarebeinggeneratedandtheir
contributiontoregionalairqualityproblems.
Mostimportantlythisquantitativemethodwill allowforcomparisonbetweenstates,towns,city
andtowns,andruralandurbanareas.Thiscomparisonisvitaltounderstandtheeffectivenessof
initiativesimplementedincertaingeographicareasandbuiltforms(urban,suburbanandrural).The
calculationwill provideamethodtodeterminewherecertaininitiativesworkandwheretheydonot
workforreductionofemissionsgeneratedbytheschool.A walkingschoolbusmaynothavethesame
effectivenessinasuburbantownversusacity.A parkandwalkprogram aynotbeapplicableina
ruralareabutismoreappropriateinasuburbantown.Thecalculatedemissionswill establishthe
abilitytodeterminepatternsandwhatprogramsworkwellinspecificommunities.Thisknowledge
identifieswhatprogramsareapplicabletothesecommunitiesforreductionofmotorvehiclesandtheir
correlatingairqualityimprovements.Thesespecificprogramsthathavebeenidentifiedwill reducethe
costsofprogramimplementationbydecreasingtheamountofenergyneededtoidentifyinitiativesto
implement.Thisidentificationwill aidinproductionofbestmanagementpracticesforimplementation
ofdeterminingwhatindividualinitiativeswill workfortheschoolthathasapplied.Yearlytrackingof
theprogramandpostimplementationwill produceaplethoraofdataforthistypeofanalysis.This
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quantitativemethodremovesthecurrentassumptionbasedclaimwhileimprovingthedataavailablefor
futureapplicationoftheSafeRoutestoSchoolProgram.
34
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CHAPTER 6
Recommendations
NewSchools
ForschoolsthatareapplyingforSafeRoutestoSchoolit isanidealtimeforthecalculationto
beperfonnedtodetenninebaselinemissions.Afterprogramimplementation,i ftastructure
improvementandeducationalprogramsthestudyshouldbeconductedagaintoassesstheamountof
emissionsreduced.Vehiclecountscanbeperfonnedmonthlyandappliedtotheaveragesproducedby
thesurveytotrackmonthlyprogress.Thesurveyshouldbeconductedatthebeginningofeachsurvey
toproduceanewsampletoapplyforthesemonthlyaverages.If anewSafeRoutestoschoolinitiative
is appliedtotheschool,thesurveycanbeconductedtodetennineitsimpactonemissionsreduction.
CurrentlyEnrolledSchools
Schoolsthatarealreadyenrolledcanusethistooltocalculateastartinglevelofemissions.
Emissionsreductioncannotbeexpectedtobeasdrastic,asfundingfortheprogramhasbeenspentand
thereis littleaccesstonewfundingsources.However,progresscanstillbetrackedonamonthlybasis
asdiscussedabove.Similarlytonewschool,newSafeRoutestoschoolinitiativeisappliedtothe
school,thesurveycanbeconductedtodetennineitsimpactonemissionsreduction.
SafeRoutestoSchoolAdministrators
Creationofawebsitecanbeutilizedforschoolstotracktheirprogress.Thewebsitecanposses
thefiguresftomtheEPAfactsheetsanduserscaninputheindividualsurveyresults.Thewebsitecan
calculateandstorethesedatasetsfortheschoolandadministrativeuse.Thiswouldcreatealarge
amountofdatawithcorrelatingschoolinfonnation.Thisschoolinfonnationcanbegroupedinto
categoriesofurban,rural,suburban,city,asSafeRoutestoSchoolAdministratorsseefit. Thistool
will allowtheprogramtodevelopatternsandidentifythebestinitiativesforbothregionsandbuilt
35
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forms.Ultimatelythiscollectionofdatawill aidinthedeterminationfbestmanagementpracticesfor
specificgeographicregionsandbuiltforms.
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Appendix
Figure-lSpeedEmissionsCurve
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Figure-2
School
DearParentorCaregiver,
Your child's school wantsto learn your thoughts about children walking and biking to school. This survey will take about 5 - 10 minutes to
complete. We ask that each family complete only one survey per school your Children attend. If more than one child from a school brings a
survey home, please fill out the survey for the child with the next birthday from today's date.
After you have completed this survey, send it back to the school with your child or give it to the teacher. Your responses will be kept
confidential and neither your name nor your child's name will be associated with any results.
Thank you for lJarticipating in this survey!
+ l~f=BLU£dIi8LAi?1
SchoolName:
1.Whatisthegradeofthechildwhobroughthomethissurvey? IT] Grade (PK,K,1,2,3...)
o Male 0 Female2. Is thechildwhobroughthomethis surveymaleorfemale?
3. Howmanychildren do you have in Kindergarten through 8thgrade? IT]
and
IJifacea..c;I~~i:.;x'-insid~JlPX,.If"yo!!makea RiiStake.Jifl]bi~ntir~'
5.Howfardoesyourchildlivefromschool?
oLessthan v.. mile 0 'h mile up to 1 mile 0 More than 2 miles
o v..mileupto 'h mile 0 1 mileupto 2 miles 0 Don'tknow
f'fajfti~ c!!'!ar:X~:inside"box. ~fYou.make.~..!t1i§tlt.!<e,Jll!.ttle'eptire.boX:~andthEmmark the c9rrest.b.oX::'
6.Onmostdays,howdoesyourchildarriveandleaveforschool?(Selectonechoicepercolumn,markboxwithX)
+
Arrive at school
o Walk
o Bike
o SchoolBus
o Family vehicle (only children in your family)
o Carpool(Childrenfromotherfamilies)
Diransit (citybus,subway,etc.)
o Other (skateboard, scooter, inline skates, etc.)
Leave from school
o Walk
o Bike
o SchoolBus
o Family vehicle (only children in your family)
o Carpool (Children from other families)
o Transit (city bus, subway, etc.)
o Other (skateboard, scooter, inline skates, etc.)
+ Placeitclear.;'.X'insidebox '0't ""akeami~ke,filltheeriljre'- anatlienm~ii:1hecorrect:box ~ +
7. Howlongdoesit normallytakeyourchildtogetto/fromschool?(Selectonechoicepercolumn,markboxwithX)
Travel time to school
o Lessthan5 minutes
o 5-10minutes
o 11- 20 minutes
o MOrethan20 minutes
o Don'tknow/ Notsure
Travel time from schooloLessthan5 minutes
o 5- 10minutes
o 11- 20 minutes
o Morethan20 minutes
o Don'tknowI Notsure
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Figure-2(continued)
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8.Hasyourchildaskedyouforpermissiontowalkorbiketo/fromschoolinthelastyear?
9.Atwhatgradewouldyou:tllowyourchildtowalkorbiketo/fromschoolwithoutanadult?
(SelectagradebetweenPK,K,1,2,3,.)OJ grade(or) 0 I wouldnotfeelcomfortableatanygrade
Piac.eaeJ"ir'x' inside'bcPc.1,;vo'("'.k,,"",ifilf" iit(nn9?(;;"irtJin l11arlc,C;9ctb9, .
10.Whatof thefollowingissuesaffectedyourdecisionto 11.Wouldyouprobablyletyourchildwalk or biketo/from
allow,or notallow,yourchildtowalk or biketo/from schoolif thisproblemwerechangedor improved?(Selectone
school?(SelectALLthatapply) choiceperline,markboxwithX)
o Mychildalreadywalksorbikesto/fromschool
o Distance.............................................................................................................0 Yes ONO D NotSure
o Convenienceofdriving.....................................................................................0 Yes ONO D NotSure
o Time..................................................................................................................0 Yes ONO D NotSure
o Child'sbeforeorafter-schoolactivities.............................................................0 Yes ONO o NotSure
o Speedoftrafficalongroute..............................................................................0 Yes ONo D NotSure
o Amountoftrafficalongroute...........................................................................0 Yes ONO D NotSure
o Adultsto walkor bikewith...............................................................................0 Yes ONO D NotSure
o Sidewalksorpathways.........................................................,............................0 Yes ONo D NotSure
o Safetyof intersectionsandcrossings...............................................................0 Yes ONO D NotSure
o Crossingguards.................................................................................................0 Yes ONO D NotSure
o Violenceor rime..............................................................................................0 Yes ONO D NotSure
o Weatheror.climate...........................................................................................0 Yes ONO o NotSure
+ piaceaclear'X' insidebox.Ifou'make a'miStakefill the'entirebo" andthenmarkthecorrectbox
12.In youropinion,howmuchdoesyourchild'sschoolencourageor discouragewalkingandbikingto/fromschool?
oStronglyEncouragesoEncourages o Neither oDiscourages D StronglyDiscourages
13.Howmuchfun is walkingor bikingto/fromschoolfor yourchild?
o Very Fun o Fun o Neutral o Boring o VeryBoring
14.HowhealthyIswalkingor bikingto/fromschoolfor yourchild?
oVeryHealthy o Healthy o Neutral o Unhealthy D VeryUnhealthy
+ 'pjaceacl"ear'X}Inside oX:If u a e I el fthe +
15. What is the highest grade or year of school yoU completed?
o Grades1through8 (Elementary) o College 1to 3 years(Somecollegeor technicalschool)
o Grades9 through11(Somehighschool) o College4 yearsor more(Collegegraduate)
o Grade12or GED(Highschoolgraduate) o Prefernotto answer
16. Please provide any additional comments balow,
-- --
Figure-3(ParentSurveyandTeacherSurveytheSameexceptTeacherSurveyHeadingRead:
"SouthamptonRoadElementarySchool-TeacherSurvey"
SouthamptonRoadElementarySchool-ParentDriverSurvey
This surveyis completelyvoluntaryandthereareno requirementstotakethissurvey.Pleasedonotprovide
names,surveyshouldremainanonymous.The purposeof thissurveyis toestimatetheamountof vehicular
emissionsthatarebeinggeneratedby yourschool.
I. Whatkindofvehicledoyoudrive(pleasecircle)? 1)PassengerCar 2)Truck/SUY 3)Motorcycle
4)Other (pleaseSpecify)
2. Whatmodelyearis yourvehicle(i.e.2004)7
3. Doyoucarpoolonatypicaltriptoorfromschool(PleaseCircle)?1)No 2)Yes
4. If yesto#3,howmanypupilsareinyourcarpool?
5. Whatis thedistanceof yourtypicaltripto or fromschool(tothenearestenthof a mile,e.g.3.1miles)?
6. Howmanydaysaweekdoyoutypicallydrivetoschool(PleaseCircle)?1)OneDay 2)TwoDays
3)ThreeDays4)FourDays 5)Everyday
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Table-1
AverageDistanceTraveledtoSchoolforSouthamptonRoadServiceArea
Location MilesTraveledtoSchool
MontgomeryStreet/NotreDameStreet 1.8
WarfieldDrive/RootRoad 3.1
RussellvilleRoad/DeerPathLane 4.8
HawksCirc1e/ProspectStreetExtension 3.8
SpringdaleRoad/SandyHill Road 1.6
MontgomeryRoad/WestRoad 4
TotalDistance 19.1
AverageDistance 3.2
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